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(54) SEAL RING 

(57) A seal ring which contains a scaly graphite pow- 
der essentially alone as a filler, and comprises 2 to 35 
% by weight of the graphite powder $nd 65 to 98 % by 
weight of a polytetraf luoroethylene pdwder, wherein the 
graphite powder has an interplanar spacing of 0.335 to 
0,340 nm, as measured by the powder X-ray diffraction 
method, and a size of a crystallite of (004) face of at 
least 70 nm Is provided. Since deformation and extru- 
sion of the seal ring are kept small even under a high 



pressure, and the abrasion of the opposite material can 
be prevented even if it is made of a soft metal, it is pes* 
sible to maintain a stable sealing effect for a longer pe- 
riod of time. In addition, since the seal ring has small 
sliding resistance, handling property, response of the 
sealing device and suitability for fitting to the device can 
be largely impn^ved. Thus, the seal ring is suitable for 
the valve device of power steering of automobiles, au- 
tomatic transmission or shocic absorber. 
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Description 

TECHNICAL FIELD 

5 [0001] The present Invention relates to a seal ring, particularly a seal ring which has stable fhctlon torque from the 
beginning over a long period of time. The seal ring of the present Invention can be suitably used particularly as a seal 
ring for a valve device of a power steering of standard-sized or large-sized vehicles. In addition, since the seal ring 
has abrasion resistance and stable friction against the opposite material from the beginning over a long period of time, 
the seal ring of the present invention can be suitably used as a seal ring for automatic transmission or shock absorber. 

10 

BACKGROUND ART 

[0002] Polytetrafluoroethylene (PTFE) powder (granular resin powder) has excellent properties such as non-taclci- 
ness. sliding property and heat resistance, but also has a defect that the strength of molded articles prepared therefrom 

*5 is insufficient. In order to overcome the disadvantage, It has been actively attempted to incorporate an organic filler 
such as polyimlde resin powder or an Inorganic filler such as carbon fiber, bronze powder or graphite powder, and 
those fillers are variously combined to prepare different PTFE compositions depending on the purpose of use. 
[0003] Meanwhile, seal rings are used, for example, in such an occasion as shown In the diagrarnmatic cross-sec** 
tional view of Fig. 1 . That is, the seal ring 1 , a ring-like member which is put between the two members (housing 2 and 

2o seal ring set body 3) undergoing relative motion at a rotating portion or a sliding portion, is used to seal oil 4. In Fig. 
1 , the seal ring 1 Is wound over the seal ring set body 3 and forms a sliding surface to the housing 2. During the use, 
the seal ring set body 3 rotates on the housing 2, and a relatively high pressure is applied to the seal ring from oil 4. 
Furthermore, when nomial and reverse rotations are repeated, friction torque remarlcably fluctuates during the use, 
and the end face of the seal ring 1 is chipped when used long, creating extruded portion 5 (Fig. 3). Further, when the 

^ housing 2 is made of soft metal such, as aluminum, the housing 2 is likely to be worn out and scraped portion 6 is 
created (Fig. 4), Eventually, leaking of oil 4 is caused In some case. 

[0004] The afc>ove defect of seal rings is a serious problem to be solved, partksularly when the seal ring Is used for 
devices like a power steering of automobiies where driving feel and safety are required. 

[0005] Furthermore, even If the oil pressure from oil 4 is relatively low and the sealing set body 3 rotates on the 
30 housing 2 at a high speed, the housing 2 is likely to be worn out when used long to generate scraped portion 6, causing 
leaking of oil 4 as well, when the housing 2 is made of soft metal such as aluminum. 

[0006] The above defect of seal rings is a serious problem to be solved, particularly when the seal ring Is used for 
devices like an automatic transmission of automobiles where safety is required. 

[0007] In addition, when the two members undergoing relative motion are a piston 7 and a cylinder 8, and the seal 
35 ring 1 is put between the two members to seal oil 4 with the piston 7 reciprocating along the cylinder 8, the friction 
(sliding resistance) on the sliding face between the seal ring 1 and the cylinder 8 remarkably fluctuates during the use, 
and the outer face of the seal ring 1 is chipped as shown in Fig. 6 when used long. Further, even if the cylinder 8 is 
made of relatively hard metal such as cartoon steel, the cylinder 8 is likely to be worn out and scraped portion 9 can 
be made. Eventually, leaking of oil 4 is caused In some case. 
40 [0008] The above defect of seal rings is a serious problem to be solved, particularly when the seal ring is used for 
devices like a shock absort^er of automobiies where safety is required. 

[0009] Conventional PTFE composition for such seal rings which need to have the above properties are: 

(1 ) PTFE powder/polyimlde (PI) powder/cart:>on fiber (JP-A-9-208929 and others); 
45 (2) PTFE powder/aromatk: potyoxybenzoylester heat resistant resin powder/carbon fiber (JP-B-1 -13494, JP-A- 

11-21498); 

(3) PTFE powder/graphite powder/carbon fiber (JP-A-239440); and 

(4) PTFE powder/polyimlde powder/cartDon fiber (JP-A-9-208929). 

[0010] l-iowever, under a high oil pressure of at least 8 MPa, breakage of seat ring and abrasion of opposite material 
(housing) occur relatively eariier. Therefore, It has been considered that such known PTFE compositions have a certain 
limit In durability. 

[0011] Moreover, under a fast sliding condition of a rotation speed of at least 7,000 rpm, the opposite material wears 
off relatively eariier. also indicating the limited durability of such known PTFE compositions. 

[0012] In addition, when reciprocative sliding movement is repeated under a high oil pressure of at least 8 MPa, 
breakage of seal ring and abrasion of opposite material occurs relatively earlier. Therefore, it has been also considered 
that such known PTFE compositions have a certain limit in durability. 

[0013] An object of the present invention is to provide a seal ring which has small fluctuation of friction torque and 
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does not break even in case of a long time use under high oil pressure, at high rotation speed or fast reciprocatlve 
sliding, while abrasion degree of the opposite material is kept small. The seal ring of the present invention has overcome 
the limited property of known compositions. 

[0014] Another object of the present invention is to provide a seal ring which has excellent suitability for fitting while 
s maintaining such durability. 

DISCLOSURE OF INVENTION 

[0015] That is, the present invention relates to a seal ring which contains a scaly graphite powder essentiaily alone 
io as a filler, and comprises 2 to 36 % by weight of the graphite powder and 65 to 98 % by weight of a polytetrafluoroeth- 
yiene powder, wherein the graphite powder has an Interplanar spacing of 0.335 to 0.340 nm, as measured by the 
powder X-ray diffraction method (fomiulated by Japan Society for the. Promotion of Science, 117th Board, hereinafter 
refen^ed to as "Gakushin method"; p 46 to 63. "Experiment Technology of Carbon (I)" edited by Carbon Society of 
Japan, Kagaku Gijutsu-Sha, June 1 . 1 978), and a size of a crystallite of (004) face of at least 70 nm. 
15 [0016] As the scaly graphite powder, It is desirable to use a powder such that when "a*" represents the mean value 
9f the long diameter and the short diameter of a graphite powder particle and "c" represents a thickness of the graphite 
powder particle, a/c is at least 2. 

[0017] As the scaly graphite powder, natural graphite Is preferable. 

[0018] In addition, as the PTFE powder, modified PTFE powder is preferable from the viewpoint of improving sulta- 
20 bllity for fitting. 

[0019] The seal ring of the present invention is useful particularlyfora valve device of apower steering of automobiles. 
[0020] The present invention also relates to a seal ring such that when the seal ring is subjected to sliding under the 
following conditions (1 ), the seal ring does not break after 200,000 cycles and an abrasion depth of the opposite material 
is at most 1 0 ^m after 200,000 cycles. 

25 

Condition (1) 
[0021] 



30 Test equipment: Test equipment for evaluating durability of a seal ring having basically the same mechanism as 

a rack*and-pinion type power steering device 

Oil pressure; 12 MPa 

Oil temperature: 120*C 

Kind of oil: Power steering fluid 
35 Cycle; One cycle consisting of a normal rotation at 95 rpm for 2 seconds and a reverse rotation at 95 rpm for 2 

seconds 

Opposite material: Aluminum die cast (JIS H5302) 
Seal ring^mountlng member: Carbon steel (JIS G4051). 

40 [0022] In the seal ring durability test of the present invention, a seal ring having a shape as mentioned above (outer 
diameter: 36.4 mm. wkfth: 1 .5 mm. height: 1 .88 mm) is ennployed, whksh Is now commonly used in Japan. In addition 
to this, a seal ring having an outer diameter of 36,2 mm, a width of 1 .25 mm and a height of 1 .83 mm and a seal ring 
having an outer diameter of 38.4 mm, a width of 1 .45 mm and a height of 2.00 mm may also be used. Even if the latter 
seal rings are used, approximately the same test results can be obtained regardless of the shape. 

45 [0023] As the test equipment for evaluating durability of a seal ring, one having basteally the same mechanism as a 
valve device of a power steering of an actual automobile (actual device) is used. The ''mechanism having basically the 
same mechanism as an actual device" refers to a mechanism which has the same mechanical structure as that of the 
actual device as long as the seal ring-mounting member and the sliding part are concerned (the same definition applies 
to test equipment described below). Every valve device of a power steering of an automobile has a common mechanism 

so of seal ring-mounting member and sliding part regardless of type of automobiles as long as the power steering is a 
rack-and-pinion type. Therefore, by using such test equipment, it is possible to evaluate the properties as in the case 
where the seal ring is attached to an actual valve device. Example of an actual valve device is shown In a cross sectional 
view of, for example, Fig. 5 (a) on p 92, Engineering Journal No, 148. 1995, published by Koyo Seiko Co., Ltd. 
[0024] In case of using a modified PTFE, in partteular, a modified PTFE having a crystallinity of at least 20 %, a sea! 

55 ring whose suitability for fitting is improved can be prepared. More specifteally, the seal ring having a variation of outer 
diameter of at most 3.4 % as measured under the following conditions (2) can be obtained. 
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Condition (2) 

[0025] 

5 Test method: enlarging an inner diameter of the seal ring to be tested by 1 0 % by setting the seal ring on a tapered 

jig of frustum form (inclination: 1/10), and then immediately measuring an outer diameter of the seal ring, wherein 
((Outer diameter after test - Outer diameter before tesQ/Outer diameter before test) x 1 00 is assumed to be a 
variation of outer diameter 

Tested seal ring: a ring whose cross-section is a rectangle of 1 .5 mm by 1 .88 mm, and whose inner diameter is 
io 33.4 mm and an outer diameter is 36.4 mm. 

[0026] Furthermorep the seat ring of the present invention is suitable for automatic transmission. 
[0027] IHereln. as shown in Fig. 1, the automatic transmission is a device comprieing a housing 2, a seal ring set 
body 3 and a resin seal ring 1 which seals oil 4 filled between the housing 2 and the seal ring set body 3. The seal ring 
15 1 comprises a scaly graphite powder essentlaily alone as a filler, and comprises a PTFE resin composition containing 
65 to 98 % by weight of a PTFE powder and 2 to 35 % by weight of the graphite powder. 

[0028] The seal ring for automatic transmission is one such that when the seal ring is subjected to rotational sliding 
under the following conditions (3), the seal ring does not brealt after 500 hours and an abrasbn depth of the opposite 
material is at most 1 0 >im after 500 hours. 

20 

Condition (3) 
[0029] 

^ Test equipment: Test equipment for evaluating durability of a seal ring having basically the same mechanism as 

a automatic transmission device 

Oil pressure: 2 MPa 

Oil temperature: 120*0 

Kind of oil: Automatic transmission fluid 
30 Rotation number: 8,000 rpm 

Opposite material: Aluminum die cast (JIS H5302) 

Seal ring-mounting member: Cast Iron (JIS G5501 ) 

Seal ring: outer diameter: 50 mm, width: 2 mm, height: 2 mm. 

35 [0030] In addition, the seal ring of the present invention is suitable for shock absorber where reciprocating motion 
(stroices) repeatedly takes place. 

[0031] Herein, as shown in Fig. 5, the shock absorber is a devk:e comprising a cylinder 8, a piston 7 and a resin seal 
ring 1 which seals oil 4 filled between the cylinders and the piston 7. The seal ring 1 comprises a scaly graphite powder 
essentially alone as a filler, and comprises a PTFE resin composition containing 65 to 98 % by weight of a PTFE powder 

40 and 2 to 35 % by weight of the graphite powder. 

[0032] The seal ring for shock absorber is one such that when the seal ring is subjected to reciprocating sliding 
strokes under the following conditions (4), the seal ring does not break after 5,000,000 strokes; the maximum sliding 
resistance Fmax within the period of 5,000,000 strokes without the period of initial unstable sliding resistance is less 
than 1 .5 times the minimum sliding resistance Fmln within the period; and oil leakage after 5,000,000 strokes is at 

45 most 15 ml. 

Condition (4) 
[0033] 

so 

Test equipment: Test equipment for evaluating durability of a seal ring having basically the same mechanism as 
a shock absorber device 
Oil pressure: 10 MPa 
Oil temperature: lOO^C 
55 Kind of oil: Shock absorber oil 

Stroke: 60 mm 

Vibration frequency to be applied: 3 Hz 
Opposite material: Carbon steel (JIS H4051) 
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Seal ring-mounting member: Cast iron (JIS G5501 ) 

Seal ring: outer diameter: 28.5 mm, width: 7.4 mm. height: 0.8 mm (diameter of applied piston: 25 mm). 
BRIEF DESCRIPTION OF DRAWINGS 

5 

[0034] 

Fig. 1 is a partial diagrammatic cross-sectional view illustrating a case of attaching the seal ring of the present 
invention to a power steering device or an automatic transmission device, 
10 Fig. 2 is a partial diagrammatic cross-sectional view illustrating a typical change of the seal ring when the device 

shown in Fig. 1 is rotated. 

Fig. 3 is a partial diagrammatic cross-sectional view Illustrating breakage of the seal ring when the device shown 
in Fig. 1 is rotated. 

Fig. 4 is a partial diagrammatic cross-sectional view illustrating an abrasion state of the opposite material (housing) 
IS when the device shown in Fig. 1 is rotated. 

Fig. 5 is a partial diagrammatic cross-sectional view illustrating a case of attaching the seal ring of the present 
Invention to a shock absorber devk^e. 

Fig. 6 is a partial diagrammatic cross-sectional view illustrating an abrasion state of the seal ring and the opposite 
material (cylinder) when the device shown in Fig. 5 is subjected to reciprocative movement. 
Fig. 7 is a diagrammatic plane view illustrating a cut part of the seal ring for an automatic transmission subjected 
to the durability test of Example 7. 

BEST MODE FOR CARRYING OUT THE INVENTION 

25 [0035] The PTFE powder used in the present invention may be a homopolymer of tetrafluoroethylene or a PTFE 
powder modified by another monomer, copolymerizable with tetrafluoroethylene. From the viewpoint of heat resistance. 
chemk:al resistance and creep resistance, modified PTFE is preferable, 

[0036] Example of modified PTFE are those whksh is not melt-moldable and contains 0.001 to 1 % by weight of a 
perfIuoro(vlnyi ether) unit represented by the fomnula (I): 

-CF2-0F(-'O-X)- (I) 

wherein X represents a perfluoroaikyl group having 1 to 6 cartoon atoms or a perfluoroaikoxyalkyi group having 4 to 9 
^ carbon atoms. 

[0037] Examples of perfluoro(vlnyl ether) are perfluoro(alkyl vinyl ethers) such as perfluorD(methyl vinyl ether) 
(PMVE), perfluoro(ethyl vinyl ether) (PEVE), perfluoro(propyl vinyl ether) (PPVE) and perfluoro{butyl vinyl ether) 
(PBVE). 

[0038] The average particle size of the PTFE powder is 1 0 to 120 pm, more preferably 1 0 to 50 ^m. 
[0039] The present invention is characterized in that the above specific scaly graphite powder essentially alone is 
contained as a filler. 

[0040] Examples of graphite powder are natural graphite, artificial graphite, expanded graphite, graphite fluoride, 
spherical carbon, carioon fluoride, graphite whisker, etc. However, as to the seal ring of the present invention, it is only 
the above specif ic scaly graphite that has an excellent effect. Specifically, the scaly graphite has an especially excellent 
effect on preventing the abrasion of the opposite material (usually aluminum), the deformation of the seal ring and the 
abrasion of the seal ring itself. 

[0041 ] It is necessary that the shape of the particles of the specific graphite powder of the present Invention is scaly. 
Though the particles of the graphite powder may be spherical, fibrous, or the shape may be undefined, the scaly 
graphite powder exhibits a more excellent effect on preventing the defomiation of the seal ring due to extemal pressure 
and reducing the sliding resistance. The size of the scaly graphite powder can be expressed In the average particle 
size, but more precisely, the size Is such that when "a" represents the mean value of the long diameter and the short 
diameter of a graphfte powder particle and "c" represents the thickness of the graplilte powder particle, a/c is at least 
2, and the mean value "a" is at most 0.01 frni, preferably 0.1 to 600 ^im, more preferably 5 to 30 |im. Scaly graphite 
having the above size is particulariy excellent in preventing the deformation of the seal ring due to external pressure 
and the abrasion of the seal ring Itself. The size is measured by using a scanning electron microscope. When expressed 
in the average particle size, the average parttele size corresponds to the mean value "a". 

[0042] The graphite powder used In the present invention has an interplanar spacing of 0.335 to 0,340 nm, as meas- 
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ured by the powder X-ray diffraction method. Since the theoretical value of the interplanar spacing of graphite is 0.335 
nm, the interplanar spacing of the graphite powder used in the present invention is fairly close to the theoretical value. 
As graphite having an interplanar spacing of the above range has a nature that the slide between planes (sometimes 
ref en-ed to as layers) , l.e . , "peeling" is extremely excellent, It is considered that the lowf rictional property can be imparted 
5 to the seal ring. The interplanar spacing Is prefrably 0,335 to 0.337 nm, more preferably 0.335 to 0.336 nm. 

[0043] Also, the larger the crystallite of (004) face is. the better the property is. The size is at least 70 nm, preferably 
at least 80 nm, more preferably at least 90 nm. 

[0044] Examples of graphite having these properties are natural graphite and some of the synthesized graphites. 
Among them, natural graphite is preferable from the viewpoint of availability and low cost. 
10 [0045] The proportion (% by weight) of the PTFE powder and the specific scaly graphite powder is 65 to 98 / 2 to 35 
(1 00 % by weight In total; the same applies in the followlngs). preferably 70 to 97 / 3 to 30, more preferably 85 to 95 / 
5 to 1 6. When the amount of the scaly graphite powder Is too large, inherent properties of the PTFE are deteriorated. 
When the amount of the scaly graphite powder is too small, durability is decreased. 

[0046] The scaly graphite powder is mixed by usual method, and If required, granulated to obtain a molding resin 
15 powder for seal rings. The powder is then molded Into a seal ring by various known molding methods, for example, 
compression molding method, ram extrusion molding method, paste extrusion molding method, Isostatic molding meth- 
od, hot coining molding method, etc. In any of those molding methods, the molded article is finally subjected to sintering. 
In the present Invention, the sintering temperature Is from 323» to 400*C, preferably from 350* to 3B5*'C. 
[0047] The thus-obtained seal ring has properties 

20 

(A) breaicage of the seat ring does not occur even after 200.000 sliding cycles; 

(B) the abrasion depth of the opposite material is at most 1 0 \xjm, preferably at most 5 |xm after 200,000 cycles; and 

(C) extrusion of the seal ring is at most 1 mm, preferably at most 0.5 mm after 200.000 cycles, 

25 as measured under the above-mentioned test conditions (1). 

[0048] The seal ring of the present invention possesses two or all three of the above properties and has overcome 
the common limit of the prior arts. IMoreover, when the natural graphite powder is used as a filler, the production costs 
can be greatly reduced because the neitural graphite powder is relatively inexpensive. 

[0049] As shown in Fig. 1 , when the seat ring 1 of endless type is wound on the seal ring set body 3, the seal ring 1 
30 is fitted stretched like a rubber band. Therefore the seal ring 1 needs to have a certain degree of elasticity and is 
required to recover its original form immediately after the fitting. 

[0050] In orderto endow the PTPE seal ring with elasttolty (recoverablllty of forni). the following methods are known: 

(1 ) a method of shortening the sintering time of PTFE, 
35 (2) a method of rapid cooling after the sintering of PTFE. and 

(3) a method of lowering the sintering temperature. 

[0051] However when Importance is attached to suitability for fitting (elasticity and recoverablllty of form), durability 
becomes insufficient, and when importance is attached to durability, suitability for fitting becomes inferior. 
40 [0052] In such circumstances it has been unexpectedly found that suitability for fitting can be improved while excellent 
durability is maintained when 2 to 35 % by weight of scaly graphite powder is added essentially alone as a filler and 
modified PTFE mentioned above is used as PTFE. 

[0053] Usually, when the seal ring is once stretched and recovers its original fomn, the recovery Is not complete and 
the outer diameter of the seal ring is unfavorably extended. Therefore, when the variation of outer diameter is small, 
45 suitability for fitting can be regarded as good. 

[0054] In the present Invention, when modified PTFE is used as PTFE, a seal ring is provided, whtoh has excellent 
suitability for fitting such that tiie variation of outer diameter is at most 3.4 %. preferably at most 3.2 % as measured 
under the above test condition (2) with maintaining durability, 

[0055] In order to improve the suitability for fitting, the crystalllnlty should be adjusted low. However, it Is difficult to 
50 maintain durability in a usual combination of a filler and PTFE. On the other hand, when the modified PTFE is used as 
in the combination of the present invention, higher crystalllnlty can be achieved as compared with the case of using a 
TFE homopolymer. In the present invention, it is preferable to use a modified PTFE having a crystallinity of at least 20 
%, particulariy at least 25 %. In addition, since the modified PTFE provides a higher crystallinity underthe same sintering 
condition, it is possible* to cut off the energy and time consumed in sintering and cooling carried out for achieving a 
55 desired crystallinity. 

[0056] Examples of devices in which the seal ring of the present invention is used are a hydraulic power steering, 
automatic transmission, engine piston ring, shock absorber, etc. for automobiles and a hydraulb cylinder, etc. for in- 
dustrial machinery. Among them, the seal ring is suitable for a power steering valve where the foliowing characteristics 
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are particularly required: a small resistance at sliding, a smaller wear amount of the opposite material, small deformation 
of the seal ring under high pressure (not less than 8 MPa) and less lealcage of oil even forjong use. 
[0057] Also, the seal ring of the present invention can be suitably used as a seal ring for automatic transmission or 
shoci< absorber where safety and durability are required, 

[0058] That is, the present Invention provides a seal ring Tor automatic transmission which does not brealc after 500 
hours and which achieves an abrasion depth of the opposite material of at most 10 jim, preferably at most 5 ^m after 
500 hours when the seal ring is subjected to rotational sliding under the above conditions (3). 

[0059] And the present invention also provides a seal ring for shocic absorber which does not break after 5,000,000 
strokes and which achieves a maximum sliding resistance Fmax within the period of 5,000,000 strokes without the 
period of initial unstable sliding resistance of less than 1 .5 times, preferably less than 1.3 times the minimum sliding 
resistance Fmin within the period, and an oil leakage after 5,000,000 strokes of at most 15 ml, preferably at most 10 
ml, when the seal ring is subjected to reciprocating sliding strokes under the above conditions (4). 
[0080] l-lerein, the term "without the period of initial unstable eliding resistance" means that the period of initial un- 
stable sliding resistance is excluded since the friction torque is unstable and sometimes increases rapidly until about 
50,000 cycles in a sliding experiment under high pressure. 

[0061] The present invention is then explained by means of examples, but is not limited to them. 
EXAMPLE 1 

[0062] Eighty-five parts by weight of PTFE powder modified with 1 % by weight of perflupro(propyl vinyl ether) (av- 
erage particle size: 30 ^m) was prefixed with 15 parts by weight of natural graphite powder (CPB-3000 available 
from Chuetsu Kokuen Kabushiki Kalaha, scaly, interplanar spacing: 0.335 nm, a/c ~ 10, size of crystallite of (004) face: 
101 .0 nm) and the mixture was granulated to obtain a resin powder for molding. 

[0063] The interplanar spacing of graphite was measured by using a powder X-ray diffraction measuring machine 
(RAD-RA type made by Rigaku international Corporation) according to the Gakushin method mentioned above, and 
the size of a crystallite of (004) face was measured by using a scanning electron nriksroscope (S4000 made by Hitachi, 
Ltd.) with 5,000 magnification. 

[0064] The above resin powder for molding was subjected to compression molding, sintered at 360''Cfor48 minutes, 
and Immediately cooled in the air (20*C) to obtain a sample seal ring (inner diameter: 33.4 mm, outer diameter: 36.4 
mm). The sample seal ring was subjected to the following durability test. The results are shown in Table 1 . 

Method of test 

[0065] 

Test equipment: Test equipment for evaluating durability of a seal ring having basically the same mechanism as 
a rack-and-pinksn type power steering device 

OH pressure: 12 MPa 
Oil temperature: 120*0 

Kind of oil: Power steering fluid (RODEO PSF available from Nippon Mitsubishi Oil Corporation) 

Sliding cycle: One cycle consisting of a normal rotation at 95 rpm for 2 seconds and a reverse rotation at 95 rpm 

for 2 seconds 

Opposite material: Aluminum die cast ADC12 (JIS H5302) 
Seal ring-mounting member: Carbon steel S45C (JIS G4051) 

Evaluation of properties 

(Life of seal ring) 

[0066] The number of sliding cycles at which the seal ring is broken (to cause oit leakage) is assumed to be the life 
of the seal ring. The sliding Is stopped when the seal ring does not break after 200.000 cycles. 

(Change of the maximum friction torque) 

[0067] Rotational torque generated when two seal rings which seal oil are rotated at 95 rpm for 2 seconds in a cycle 
is recorded during the period from the start of sliding to 200,000 cycles. The maximum value was assumed to be the 
maximum rotational torque. 
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(Abrasion depth of opposite material) 

[0068] When the seal ring Is broken or the sliding is stopped after 200,000 cycles, the deepest abrasion (^m) in the 
abrasion part of the opposite material (aluminum die cast) (scraped portion 6 in Fig. 4) is measured by using a surface 
^ roughness measuring machine (Surftest SV-600 made by l\/lltsutoyo Corporation). 

(Extrusive amount of seal ring) 

[0069] The length of extrusion (mm) of the seal ring (extruded portion 5 in Figs. 2 and 3) is measured when the sliding 
10 is stopped after 200,000 cycles, except for rings which were brol<en (causing oil leakage) during the sliding. 

EXAMPLE 2 

[0070] Molding was carried out in the same manner as In Example 1 except that the amount of the PTFE powder 
15 was changed to 95 parts by weight and the amount of the natural graphite powder was changed to 5 parts by weight, 
and a seal ring was produced. The durability of the seal ring was evaluated in the same manner as in Example 1 . The 
results are shown in Table 1 . 

COMPARATIVE EXAMPLES 1 to 6 

20 

[0071] Granulation and molding were carried out In the same manner as in Example 1 except that the fillers shown 
in Table 1 were used, and seal rings for comparison were produced. The durability of the seal rings was evaluated in 
the same manner as in Example 1 . The results are shown in Table 1 . 
[0072] Abbreviations in Table 1 represent the following items: 

25 

Natural GR; Natural graphite powder (CPB-3000 available from Chuetsu Kokuen Kabushiki Kaisha, scaly, inter- 
planar spacing: 0.335 nm, a/c = 10, size of crystallite of (004) face: 101 .0 nm) 

Artificial GR1 > Artificial graphite powder (EG-1C available from Nippon Carbon Kabushiki Kaisha, bulk, interplanar 
spacing: 0.337 nm, a/c = 2, size of crystallite of (004) face: 51 .0 nm) 
30 Artificial GR2: Artificial graphite powder (Bellpearl C2000 available from Kanebo, Ltd., spherbal, Interplanar spac- 

ing: 0.337 nm, a/c = 1 , size of crystallite of (004) face: 60.0 nm) 

POB: Heat resistant aromatic polyoxybenzoyl ester resin powder (SUMICA SUPER available from Sumitomo 
Chemical Company, Limited, average particle size: 20 \im) 

CP: Carbon fiber (M2006S available from Kabushiki Kaisha Kureha, average fiber diameter: 1 5 |xm, average fiber 
35 length: lOOjim) 

BZ: Bronze powder (SD-200 available from Fukuda Metal Foil Powder Co., Ltd., average particle size: 20 ^-m) 
PI: Polyimlde powder (Kellmide 1050 available from Asahi Chlba Kabushiki Kaisha, average particle size: 20 )j.m) 
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EXAMPLES 3 and 4 

[0073] The crystallinity and the variation of outer diameter of the sample seal rings produced in Examples 1 and 2 
(inner diameter: 33.4 mm, outer diameter: 36.4 mm, height: 1 .68 mm) were measured by the following methods. The 

s results are shown In Table 2, 

(Measurement of crystallinity) 
[0074] 

10 

Measuring device: Differential scanning colorimeter model RDC220 made by Seiko Denshi Kogyo Kabushiki Kai- 
8ha 

Measuring conditions: The seal ring Is heated up from room temperature to 2S0°C at a heating rate of SO^'C/mln, 
allowed to stand at 250°C for 1 minute, heated up to 380°C at a heating rate of 10°C/min and then allowed to 
15 stand at 3B0°C for 1 minute. 

Calculation: The crystallinity is calculated by the following equation: 

Crystallinity (%) = (Measured heat of melting/IHeat of melting 

20 

of 100 % crystallized PTFE) x 100 

[0075] The heat of melting of 1 00 % crystallized PTFE Is 92.93 J/g under the above measuring conditions. 

2s (Measurement of variation of outer diameter) 

[0076] The sample seal ring Is set on a tapered jig of frustum fonn (inclination: 1/1 0) to enlarge an inner diameter of 
the seal ring by 10 %, and then Immediately the outer diameter of the seal ring is measured. ((Outer diameter after 
test - Outer diameter before te8t)/Outer diameter before test) x 100 Is assumed to be the variation of outer diameter. 

30 

EXAMPLES 5 and 6 

[0077] Sample seal rings were produced In the same manner as In Example 1 except that a homopolymer of TFE 
was used Instead of modified PTFE in an amount of 85 parts by weight (Example 5) and 95 parts by weight (Example 
35 6) . The crystallinity and the variation of outer diameter were evaluated in the same manner as in Example 3. The results 
are shown in Table 2. 



TABLE 2 





Ex. 




3 


4 


5 


6 


Kind and amount (part by weight) of PTFE 










Modified PTFE 


85 


95 






PTFE (not modified) 






85 


95 


Natural graphite (part by weight) 


15 


5 


15 


5 


Crystallinity (%) 


26.5 


26.6 


19.4 


19.4 


Variation of outer diameter (%) 


3.3 


2.4 


3.3 


2.4 



50 EXAMPLE/ 

[0078] A resin powder for molding was prepared by pre-mixing 85 parts by weight of PTFE powder modified with 1 
% by weight of perfluoro(propyl vinyl ether) (average particle size: 30 ^m) and 15 parts by weight of natural graphite 
(CPB-3000 available from Chuetsu Kokuen Kabushiki Kaisha) and granulating the mixture by a usual method. 
55 [0079] The above resin powder for molding was subjected to compression molding to obtain a sample seal ring (Inner 
diameter: 46 mm, outer diameter: 50 mm, thickness: 2 mm, part of the ring is cut at an angle of 30 degrees to a tangential 
line In a cut width of 0.1 mm; see Fig. 7). The sample seal ring was subjected to the durability test under the condition 
(3). The results are shown in Table 3. 
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Method of test 



[0080] 

5 Test equipment: Test equipment for evaluating durability of a seal ring having basically the same mechanism as 

an automatic transmission device 
Oil pressure: 2 MPa 
OH temperature: 120°C 

Kind of oil: Automatic transmission fluid (ATF D4 available from Nippon Mitsubishi Oil Corporation) 
10 Rotation number: 8,000 rpm 

Opposite material: Aluminum die cast ADC12 (JIS H5302) 
Seal ring-mounting member: Cast Iron FC206 (JIS G5601) 
Seal ring: outer diameter: 50 mm, width: 2 mm, height: 2 mm 

IS Evaluation of properties 

(Life of seal ring) 



[0081] The sliding cycle at which the seal ring is brolcen (causing oil ieaicage, the oil pressure cannot be kept) is 
20 assumed to be the life of the seal ring. The sliding is stopped when the seal ring does not break after 500 hours. 

(Abrasion depth of opposite material) 

[0082] When the seal ring is broken or the stiding is stopped after 500 hours, the deepest abrasion (\jum) in the 
^ abrasion part of the opposite material j[aluminum die cast) (scraped portion 6 In Fig. 4) Is measured by using a surface 
roughness measuring machine (Surftest SV-^eoO made by Mitsutoyo Corporation). 

EXAMPLES 8 and 9 



^ [0083] Mol<Jing was canried out in the same manner as In Example 7 except that the amount of the natural graphite 
powder was changed as shown in Table 3, and the seal rings of the present invention were produced. The durability 
of the seal rings was evaluated in the same manner as in Example 7. The results are shown in Table 3. 

COMPARATIVE EXAMPLES 7 to 10 

35 

[0084] Granulation and molding were carried out In the same manner as in Example 7 except that the fillers shown 
In Table 3 were used, and seal rings for comparison were produced. The durability of the seal rings was evaluated in 
the same manner as in Example 7. The results are shown in Table 3. 
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EXAMPLE 10 

[0085] A resin powder lor molding was prepared by pre-mixing 85 parts by weight of PTFE powder modified with 1 
% by weight of perfluoro(propyl vinyl ether) (average particle size: 30 jxm) and 15 parts by weight of natural graphite 
5 (CPB-3000 available from Ghuetsu Kokuen Kabushlkl Kalsha) and granulating the mixture by a usual method. 

[0086] The above resin powder for molding was subjected to compression molding to obtain a sample seal ring (inner 
diameter: 1 3,7 mnn, outer diameter: 2B.5 mm. thickness: 0.8 mm). The sample seal ring was subjected to the durability 
test under the condition (4). The results are shown in Table 4. 

^0 Method of test 
[0087] 

Test equipment: Test equipment for evaluating durability of a seal ring having basically the same mechanism as 
f5 a shock absorber device 

Inner diameter of piston: 25 mm 

Oil pressure: 10 MPa 

OH temperature: 100**C 

Kind of oil: Shock absorber oil 
^ Stroke: 60 mm, one back-and-toilh movement Is regarded as a stroke 

Vibration frequency to be applied: 3 Hz 
. Opposite material: Carbon steel S45C (JIS H4051) 

Seal ring-mounting member: Cast Iron FC250 (JIS G5501) 

Seal ring: outer diameter: 28.5 mm, width: 7.4 mm, height: 0.8 mm (diameter of applied piston; 25 mm). 

25 

Evaluation of properties 

(Life of seat ring) 

30 [0088] The number of sliding strokes at which the seal ring is broken (causing oil leakage, impossible to keep the 
oil pressure) Is assumed to be the life of the seal ring. The sliding is stopped when the seal ring does not break after 
5,000,000 strokes. 

(Change of sliding resistance) 

35 

[0089] Among the values of f ration occurring when the seal ring set on the piston is subjected to reciprocating sliding 
strokes between the inner face of the cylinder, the maximum friction value in each stroke was assumed to be the sliding 
resistance of the stroke. The maximum sliding resistance Fmax and the minimum sliding resistance Fmin within the 
period of 5,000,000 strokes without the period of Initial unstable sliding resistance (or until the seal ring is broken) were 
4o obtained (the initial rapid increase of the sliding resistance sometimes occurs before 500,000 strokes). The largest 
change of sliding resistance Is represented by the value obtained by (Fmln/Fmax) x 100 (%). 

(Amount of oil leakage) 

^ [0090] After 5.000,000 strokes, oil which leaked from the oil chamber was collected and the amount of the leaked 
oil was measured by a measuring cylinder. 

EXAMPLES 11 to 12 

so [0091] Molding was candied out In the same manner as in Example 1 0 except that the amount of the natural graphite 
powder was changed as shown in Table 4, and seal rings of the present invention were produced. The durability of the 
seal rings was evaluated in the same manner as In Example 10. The results are shown in Table 4. 

CQMPAIWIVE EXAMPLES 11 to 14 

55 

[0092] Granulation and molding were carried out in the same manner as In Example 1 0 except that the fillers shown 
In Table 4 were used, and seal rings for comparison were produced. The durability of the seal rings was evaluated in 
the same manner as in Example 10. The results are shown in Table 4. 
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INDUSTRIAL APPLICABILITY 

[0093] According to the seal ring df the present Invention, deformation and extrusion of the seal ring can be kept 
small even under a high pressure, and the abrasion of the opposite material can be prevented even If it is made of a 
soft metal. Therefore, It is possible to maintain a stable sealing effect for a longer period of time. In addition, since the 
seal ring has low f rictional property and small change in the friction torque particularly under high oil pressure, handling 
property and response of the valve device of power steering can be significantly Improved. 

[0094] Furthemnore, when used for automatic transmission where sliding occurs under a high rotation number or for 
shock absorber where sealing under reciprocating sliding is required, the seal ring of the present invention shows a 
great performance which was never seen. 



25 



30 



Claims 

IS 1. A seal ring which contains a scaly graphite powder essentially alone as a filler, 

and comprises 2 to 35 % by weight of the graphite powder and 65 to 98 % by weight of a polytetrafluoroethylene 
powder, 

wherein the graphite powder has an Interplanar spacing of 0.335 to 0.340 nm, as measured by the powder X-ray 
diffraction method, and a size of a crystallite of (004) face of at least 70 nm. 

20 

2. The seal ring of Claim 1 , wherein when "a" represents a mean value of the long diameter and the short diameter 
of a graphite powder particle and V represents a thk:knes8 of the graphite powder partteie, a/c is at least 2. 

3. The seal ring of Claim 1 or 2, wherein the scaly graphite powder is natural graphite. 

4. The seal ring of any of Claims 1 to 3. wherein the polytetrafluoroethylene powder Is a polytetrafluoroethylene 
powder modified by a monomer copolymerizable with tetrafluoroethylene. 

5. The seal ring of Claim 4 which is used for a valve device of a power steering of automobiles. 

6. The seal ring of Claim 4 or 6, wherein vifhen the seal ring is subjected to sliding under the following conditions, the 
seal ring does not break after 200,000 cycles and an abrasion depth of the opposite material is at most 1 0 ^m 
after 200,000 cycles: 

^ Test equipment: Test equipment for evaluating durability of a seal ring having basically the same mechanism 

as a rack-and-pinion type power steering device 
Oil pressure: 12 MPa 
Oil temperature: 120°C 
Kind of oil: Power steering fluid 

^ Cycle: One cycle consisting of a nonnal rotation at 95 rpm for 2 seconds and a reverse rotation at 95 rpm for 

2 seconds 

Opposite material: Aluminum die cast (JIS H5302) 
Seal ring-mounting member: Carbon steel (JIS G4061). 

45 7. The seal ring of Claim 4 or 5, wherein when the seal ring is subjected to sliding under the conditions of Claim 6, 
the seal ring does not break and extmsion of the seal ring is at most 1 mm after 200.000 cycles. 

8. The seal ring of Claim 4 or 5, wherein the seal ring has a variation of outer diameter of at most 3.4 % as measured 
under the following conditions: 



so 



55 



Test method: enlarging an inner diameter of the seal ring to be tested by 10 % by setting the seal ring on a 
tapered jig of frustum form (inclination: 1/10), and then immediately measuring an outer diameter of the seal 
ring, wherein ((Outer diameter after test - Outer diameter before test)/Outer diameter before test) x 100 is 
assumed to be a variation of outer diameter 

Tested seal ring: a ring whose cross-section is a rectangle of 1 ,5 mm by 1 .88 mm, and whose inner diameter 
is 33.4 mm and an outer diameter is 36.4 mm. 

9. The seal ring of Claim 8 which has a crystallinity of at least 20 %. 
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10. The seal ring of any of Claims 1 to 5, wherein the seal ring is used for automatic transmission, and when the seal 
ring is subjected to rotational sliding under the following conditions, the seal ring does not brealc after 500 hours 
and an abrasion depth of the opposite material is at most 1 0 ^.m after 500 hours: 

5 Test equipment: Test equipment for evaluating durability of a seal ring having basically the same mechanism 

as an automatic transmission device 

Oil pressure: 2 MPa 

Oil temperature : 1 20°C 

Kind of oil: Automatic transmission fluid 
10 Rotation number 8,000 rpm 

Opposite material: Aluminum die cast (JiS H5302) 

Seal ring-mounting member: Cast iron (JIS G5501) 

Seal ring: outer diameter 50 mm, width 2 mm, height 2 mm. 

IS 11 . The seal ring of any of Claims 1 to 5, wherein the seal ring is used for shocic absorber, and when the seal ring is 
subjected to reciprocating sliding strolces under the following conditions, the seal ring does not break after 
5.000,000 strokes; the maximum sliding resistance Frriax within the period of 5,000,000 strokes without the period 
of Initial unstable sliding resistance Is less than 1 .5 times the minimum sliding resistance Fmin within the period; 
and oil leakage after 5,000,000 strokes is at most 15 ml: 

20 

Test equipment: Tost equipment for evaluating durability of a seal ring having basically the same mechanism 
as a shock absorber device 
Oil pressure: 1 0 MPa 
Oil temperature: 1 0O'C 
25 Kind of oil: Shock absorber oil 

Stroke: 60 mm 

Vibration frequency to be applied: 3 Hz 
Opposite material: Carbon steel (JIS H4051) 
Seal ring-mounting member: Cast iron (JIS G5501) 
30 Seal ring: outer diameter: 28.6 mm. width: 7 A mm. height: 0.8 mm (diameter of applied piston: 25 mm). 
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FIG. 1 
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FIG. 2 
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